No one doubts the depressing side of infantile hydrocephalus, but Wilder Penfield (1935) once commented that what the physician who continues to face this problem needs most is "fortified optimism" and it is in that spirit that the opening speakers are approaching the subject.
formations, the higher the age of the mother the greater the risk that she will produce a hydrocephalic child.
CLINICAL FEATURES
The large head of the child with advanced hydrocephalus is obvious to everyone, but the early stages may not be so easy to detect in view of the variations in size of the normal head. At the same time, early treatment, and therefore early diagnosis, is essential if brain damage is to be prevented. The hydrocephalic head is globular, as opposed to the flat top of those children who happen to have a large head but have not got hydrocephalus-a condition which is sometimes familial and for this reason both parents should be seen. In this condition the facial features are usually proportionately large, whereas in the child with hydrocephalus they are relatively small and so are overshadowed by the globular top to the head. Healthy premature babies are sometimes mistaken for those with hydrocephalus because of the rapid growth of their heads, but this is a normal feature of their development.
It will be appreciated then that the actual size of the head is not pathognomonic of hydrocephalus. The size of the anterior fontanelle is also not diagnostic since many normal babies may have large fontanelles. However, the tension of the fontanelle is of the greatest importance since a rise in intraventricular pressure is the essential feature of the condition, and therefore all babies with hydrocephalus will have increased fontanelle tension except for those in whom the expansion of the skull bones has been sufficiently rapid to take up this increase of pressure. A rapid increase in head size does not necessarily, indicate a tumour as the underlying cause of the hydrocephalus.
The child is usually remarkably placid and may take his feeds well although after operation we have found that feeds are usually taken very much more readily than before. Only as death approaches does the child become irritable and sometimes at this stage spasticity and even decerebrate rigidity supervene. It is of interest that Dandy (1940) found that spasticity came on earlier if there was obstruction at the foramina of Magendie and Luschka rather than at the aqueduct, and in fact the onset of spasticity is one of the strongest indications of a block at the basal foramina. Papilleedema is not a feature of infantile hydrocephalus and in Mr. Macnab's large series papilleedema has only been present if the hydrocephalus has been caused by a tumour.
The vital functions of the body are preserved to a remarkable extent even in the most advanced hydrocephalic, since the destruction of the brain involves the white rather than the grey matter and even the most severe case may have a normal thickness of grey matter. The intelligence will vary with the degree of loss of brain substance though there are some writers such as Putnam (1935) who believe that a large number of the hydrocephalic children with impairment of mentality have an associated congenital malformation of the cortex to account for their mental retardation. INVESTIGATIONS An X-ray of the skull is taken, particularly to exclude intracranial calcification as evidence of toxoplasmosis. The cerebrospinal fluid is examined, including its Wassermann reaction, although, as Professor Russell (1949) has shown, syphilis hardly enters into the etiology of hydrocephalus, contrary to past opinion. A rise in protein in the C.S.F. may be evidence of an intracranial tumour but could have resulted from earlier intraventricular bleeding, particularly during labour. Bilateral subdural taps are always made to exclude a subdural hematoma.
These examinations are followed by a dye test to determine the site of the obstruction. We have been using indigo carmine and 2 c.c. of this are injected into one ventricle and the other ventricle is tapped immediately afterwards to check the passage of the dye. Lumbar puncture is performed five minutes later and if no dye is present in the C.S.F. this is repeated after half an hour. If there is still no dye in the lumbar fluid we repeat the puncture in one hour and four hours, although only once has dye appeared in the later specimens when it was absent in the one taken at half an hour. When dye has failed to reach the lumbar fluid a cisternal puncture is performed to check if it has reached the cistema magna. In some centres it is also the practice during this test to leave a catheter in the bladder to determine at what point dye appears in the urine. This may have some use in assessing the efficiency of the absorption mechanism but is of little value from the practical point of view of planning treatment.
Ventricular air studies should always be carried out in order to locate more accurately any block and to determine the likelihood of a tumour. 20-50 c.c. of air are injected into the ventricle after removal of an equal quantity of C.S.F. and this small quantity is just as efficient and much less dangerous, than the larger quantities which were used in the past. The head is positioned so that the shift of the air bubble allows a full radiographic examination of the ventricles and the X-rays should always include one taken in the upside-down position. These pictures will show the site of a block and also the thickness of the cortex. From all these investigations one can differentiate the communicating type of hydrocephalus, where there is free communication between the ventricles and the spinal subarachnoid space, from the obstructive type where no such communication exists. The differentiation of these two types is regarded by some workers as of dubious value but it is essential before carrying out the Spitz and some other types of operation which are only indicated for communicating hydrocephalus.-The proportion of these two types is roughly equal-Sachs (1942) investigated 98 cases of hydrocephalus and found 54 to be communicating, 42 obstructive and two could not be classified.
CHOICE OF PATIENT FOR SURGERY
A decision must be made as to whether the child is suitable for surgery, and the first point to decide is whether the hydrocephalus is progressive, since obviously if arrest has already taken place no surgical treatment is indicated. If the answer to this question is not obvious a further period of observation is required.
In the past, children have been refused surgery for two principal reasons-a poor intellect or associated abnormalities, particularly spina bifida. It is very difficult to assess the future intelligence of any baby, and the only statement one can make with certainty is that if the thickness of the cerebral cortex-as measured on the ventriculogram and from the distance covered by the needle at ventricular puncture-is less than 1 cm. the child will be mentally defective. If the cortex is over 2 cm. the chances of a good intellect are reasonable whereas between 1 and 2 cm. no forecast can be given.
Most clinicians have seen patients with very large heads and a normal intellect and Putnam (1938) refers to a man who had a good intelligence despite a head circumference of 28 in. Head size is therefore of much less value than thickness of the cortex in the assessment of future intelligence. Penfield and Cobum (1938) record a case of a woman of normal intelligence who died at the age of 29 and was found to have an Arnold-Chiari malformation. An associated meningocele had been repaired when she was 3 years old. Scarff in 1942 showed that after an operation for hydrocephalus the cortex of a girl of 2 months became thicker. The author raises the question as to whether regeneration of the cortex may have taken place in this and other young infants where the hydrocephalus has been successfully relieved. Professor Russell feels that the answer lies in a reduction in the size of the ventricles. Doubtless, as a result, the cortex and particularly the subcortical white matter increase in depth through changes in the matrix of the cerebrum but this can hardly be called "regeneration".
The problem of picking cases for operation on the grounds of intellect would be much easier if those with a poor intellect were sure to die if left alone, in which case the operation would merely be causing a large number of mentally defective children to survive. In fact, however, many of these children if left alone do survive and this is a strong point in favour of operation on more of them in the hope that at least this may cause some improvement in their intellect even though one knows it cannot become normal.
The principal associated abnormality for which operation is refused is the meningo-32 844 Section of Pcediatrics 84h myelocele but here again the same arguments hold. These children do not die with the rapidity that is commonly believed and if the meningomyelocele is removed they are much easier to manage and the area less painful.' The common statement that operation on a meningomyelocele will precipitate the development of hydrocephalus is very doubtful. Approximately 50 % of meningomyeloceles will be associated with hydrocephalus but the development of the hydrocephalus, where it is not present at birth, is almost certainly unrelated to any operation on the meningomyelocele. Operation for communicating hydrocephalus.-Dr. Spitz of Philadelphia has now performed this operation on approximately 100 cases with a success rate of over 80%. The operation, a lumbar arachnoid-peritoneostomy, was first described by Ferguson in 1898, and Davidoff in 1929, reviewing the multitude of operations which had been tried, said that this basic method had produced the most promising results. Spitz has revived the operation with the aid of the new plastics and tubes now available. He also removes the omentum since this structure so often sealed off the peritoneal end of the drainage system.
The operation is performed with the child lying on his right side and two surgical teams work at the same time, one performing a laparotomy and the other a laminectomy over the lumbar 2nd-3rd interspace. The abdominal surgeon removes the omentum and this procedure must be bloodless in order to prevent any future adhesions. We have tried to remove the appendix as well, since obviously this is desirable, but it was not practicable in that position.
The surgeon performing the laminectomy passes a plastic tube into the spinal canal so that its tip lies alongside the cauda equina. The tubing is anchored to a spinous process and then passed anteriorly through the medial part of the erector spinx muscles to come out just above the iliac crest and enter the peritoneal cavity. A special Teflon button made of lucite is attached to the peritoneal end of the tube which has a number of openings to allow of free drainage. After the operation it is usual for the anterior fontanelle to remain tense for twenty-four to forty-eight hours, but then it starts to become lax and eventually so sunken that its bony edges stand up like dry rocks at low water.
We have operated on only 4 cases because this is the number of suitable children with communicating hydrocephalus that we have had for treatment. In the first 3 cases the drainage worked perfectly but in the last the drainage only worked for two to three days. A kink had occurred in the tube where it left the spine, while one of the appendices epiploice had wrapped itself round the peritoneal button. We were unable to decide which of these two faults was the primary.
Our work on the obstructive type of hydrocephalus is not yet adequately developed for discussion but I feel the provincial paediatric centres could take a larger part, in th, trpat1nent of hydrocephalus; unlike the large neurosurgical centres they are not floodedu with urgent brain tumour cases which must take first call on beds. Obviously our numbers, so f,ar are very small, but they do show that work of this nature can be carried out in a provincial general hospital. There has been too little research on the natural history of the hydrocephalic child to determine the likely course in those who are labelled "hopeless", and it still seems impossible to forecast the case which will have a natural arrest. Recently I have been surprised b~y observations on two hopeless cases of obstructive hydrocephalus. One was an infant of 6 months who developed meningitis due to the B. coli and Str. fa?calis while on continuous intraventricular drainage. This child, instead of becoming more hydrocephalic during the period of the meningitis became less so and the vast head almost collapsed for a time. Possibly this was due to a reduction in the production of C.S.F. consequent on the meningitis though for a time we did wonder whether the organism could be manufacturing its own streptokinase and that this was disso'lving some fibrinous obstruction.
The other child was started on daily ventricular punctures and after two of these the fontanelle became increasingly sunken and remained down without further punctures for about two weeks. It seems reasonable to suppose that in this child the vicious circle of increased pressure in the ventricular system had been broken, so that those absorptive mechanisms which still existed were able to function for a time.
Another problem with this subject is the relative lack of post-mortem material since the bulk of these children die at home. For this reason I feel that a research worker could visit all the pxdiatric centres so as to keep in touch with their hydrocephalic patients and watch the results. By following up the cases and ensuring post-mortems he would obtain better information on the relation of head size and thickness of cortex to future intellect and learn to know better how to pick those cases which are likely to arrest spontaneously.
The work in Plymouth is being carried out by a team whose other members are Mr. Peter Childs, Mr . Michael Salz and Dr. James Smith.
Mr. G. H. Macnab: 160 cases of hydrocephalus occurring in infancy have been fully investigated and operative procedure has been carried out in 105 cases.
Clinical estimation of tension in the anterior fontanelle as a sign of progressive hydrocephalus is unreliable. I have noted in my cases that clinical recognition of tension in the anterior fontanelle is not present until the ventricular pressure measured in the horizontal position is in the neighbourhood of 250 mm. Many cases have shown rapid enlargement of the head where the ventricular pressure ranged from 110 to 180 mm. In cases of progressive hydrocephalus, where there is communication between ventricular and spinal fluid, ventricular pressure ranges from 50 to 180 mm., as against a ventricular pressure of 250 to 300 mm. and over, in cases of intraventricular block.
O'Connell has shown that with an average spinal pressure of 120 mm., 80 mm. of that pressure is a variable factor, dependent upon changes occurring in the cardiac and respiratory cycles. This means that the cerebrospinal fluid has a thrusting force which can easily push out the poorly developed and un-united skull bones.
Fundus Oculi
In my series of cases papilleedema has never been observed, while excessive pallor of the discs is always present beyond the level seen in the newborn. The ophthalmologist will often label the condition as primary optic atrophy, but in my cases it is not associated with loss of vision. I find that the onset of blindness is usually a sudden event and occurs in the terminal stages of hydrocephalus. The main point to note is that in 7 of my cases of suspected hydrocephalus, where the ophthalmologist has declared the ocular media to be clear, progressive hydrocephalus has not developed. I now turn to a small group of cases where the infant is seen with a "flat top to his head" associated with a wide anterior fontanelle. The circumference of the head is above normal for his age, but the eyes look straight ahead. Encephalograms show air passing over the cortex. Ventriculograms show a varying degree of dilatation of the ventricular system, and in some cases the ventricular pressure has been as high as 240 mm.
In this group of cases we seem to have imbalance between rate of formation of cerebrospinal fluid and its absorption, and it raises the question of the absorptive mechanism of cerebrospinal fluid. Arachnoid vili cannot be identified in the infant until the eighteenth month of life, and from studies of dye absorption I think these villi act only as a specialized mechanism to provide a greater absorptive area in the venous sinuses. The main absorption of cerebrospinal fluid is through the vessels around the subarachnoid space, the spinal surface accounting for one-fifth and the cerebral surface for four-fifths. It would appear, in this small group of cases, that balance is struck at a high cerebrospinal fluid pressure and hydrocephalus arrested. This means that we must still consider the question of failure of absorption in relation to the rate of secretion.
Arrest of Hydrocephalus
In my series of 160 cases 57 appear to have undergone arrest. Analysis of cases shows natural arrest 19 cases, flat top to head 5 cases, and operative procedure 33 cases. I had hoped, under the heading of natural arrest, to gain evidence that the hydrocephalus was due to inflammatory adhesions forming in the subarachnoid space, and then recanalization taking place through the thrusting force of the cerebrospinal fluid; but evidence is not forthcoming. On the other hand, we do know that natural arrest can take place by rupture of the ventricle through to the subarachnoid space, but by the time the rupture on to the cerebral absorptive surface occurs, the condition is in an advanced state. Arnold-Chiari Malformation Forty cases out of a total of 160 cases were due to this condition. In my series of cases, where there is clinical evidence of the presence of a myelomeningocele, hydrocephalus will be present or will develop in 50%. Dr . -FIG. 1. -Large cervical tongue-no hydrocephalus, no plug-like action. of onset of hydrocephalus: (a) An Arnold-Chiari malformation may be associated with a block at the aqueduct of Sylvius or the foramina of Magendie and Luschka so that hydrocephalus is present at birth. (b) The cerebellum may not only herniate into the cervical spinal canal, but also up through the tentorial notch, so cerebrospinal fluid circulation is interfered with. (c) Venous congestion over the malformation can slowly set up arachnoiditis leading to blockage of the subarachnoid space. This last state accounts for the late development of hydrocephalus, and failure of its relief by decompression operations.
Investigation of an Infant Suspected of Progressive Hydrocephalus
Gas and oxygen is administered with the infant intubated. A Harris lumbar puncture needle is inserted at the lateral angle of the anterior fontanelle or the open coronal suture to exclude a chronic subdural himatoma. If a himatoma is suspected and the result is negative, a burr hole must be made in the temporal region, as the upper edge of the himatoma often fails to reach the lateral angle of the fontanelle. The infant is then turned into the left lateral position and left needle passed into the ventricle. Lumbar puncture is then performed and two Greenfield's manometers attached to spine and skull, and pressure measured in the horizontal position. Tilting of the table is used to give evidence of communication between cerebrospinal fluid in ventricle and spinal subarachnoid space, but this may be fallacious in advanced cases, as the cerebrospinal fluid is then contained in an elastic bag, which responds to gravity, and presses on the cisterna magna increasing the pressure in the fine spinal column of fluid. Simultaneous aspiration of cerebrospinal fluid from ventricle and replacement injection of oxygen into the spinal canal will always bring oxygen into the aspirated ventricle in true cases of communication between spine and ventricle; but the injection of 1 c.c. of neutral phenolsulphonphthalein dye into the ventricle, and its recovery from the spinal canal, may give negative results in the presence of communication, owing to dilution and stagnation in the ventricles, and slow rate of flow of fluid from spinal canal. In one case, 160 c.c. of cerebrospinal fluid was aspirated from the spinal canal with air replacement into the ventricle before the presence of the dye injected into the ventricle could be detected in the recovered spinal fluid. Dye tests of this type, if positive, show evidence of communication but if negative do not prove non-communication.
Accurate localization of the level of the block by air studies is still a major problem, and evidence of air passing freely over the cerebral cortex is also difficult to obtain. Owing to --35 847the narrowness of the channels at this age, air-locks readily occur. Oxygen injected into the ventricles must be carefully traced through the whole of the ventricular system as far as the cerebral cortex. This requires great patience and many manipulations to free the air-locks. Ventriculography by this method will give good visualization of the ventricular system and basal cisterns, but gives no clear knowledge of the state of the cerebral subarachnoid space. If I have any doubt about the cerebral subarachnoid space I carry out encephalography, having reduced the ventricular tension by aspiration.
I am still not convinced that radiological evidence of a hold-up of oxygen at the level of the aqueduct of Sylvius or the tentorial notch denotes a complete block, for I have exposed the cerebral subarachnoid space in such cases and gained evidence of the presence of cerebrospinal fluid. I turn finally to operative procedures I have carried out in an attempt to relieve hydrocephalus. 105 procedures have been carried out in 160 cases. Third ventriculostomy under direct vision by lifting frontal lobe. 4 cases. Only temporary arrest obtained.
(d) Ventriculo-pharyngostomy.-Drainage of temporal horn of lateral ventricle into mastoid antrums through middle ear and down eustachian tube. 15 operations. An incision is made over the mastoid process and carried up on to the temporal bone. The mastoid antrum is opened and the aditus exposed. The roof of the antrum is then removed until the dura of the middle fossa is seen. A trocar and cannula is then passed into the temporal horn of the lateral ventricle and a polythene tube threaded into it. The lower end of the tube is turned into the aditus and the wound closed. It is interesting to note that leakage of the cerebrospinal fluid to the surface might occur for twenty-four hours but then seals off. In 15 cases of ventriculo-pharyngostomy 6 cases were arrested. 8 died at an interval of two to five months after operation. Only 1 infant died from acute ascending infection and 2 from meningitis at a later date. My main difficulty was blockage of the lower end of the tube by granulation tissue at the level of the aditus. These patients would drain from three to five months with an occasional block, which was relieved by a sudden burst of fluid through the nose. When all was well the fluid entering the pharynx was swallowed quietly and did not upset the child.
Communicating I-fydrocephalus associated with the Presence of a Lumbar Myelomeningocele
The peritoneal cavity was opened and a hole drilled into the body of the vertebra overlying the sac, and a polythene tube passed blindly into the sac. I had hoped for collapse of the sac so that healing would take place, and for relief of the communicating hydrocephalus, but this procedure failed as the more the neural element present in the sac the greater the cystic loculation, due to fusion of layers of arachnoid carried up to the fundus of the sac by the nerves. Spinal Theca to Ureter The next procedure was to by-pass the sac by insertion of a polythene tube into the spinal space above the sac and into the lower end of the ureter through a lateral opening, having placed a proximal ligature around the ureter. The sac was noted to vary in tension, but 2 cases were admitted at three-and four-month intervals after the operation and died in a urnmic state. Post-mortem showed a severe hydronephrosis.
In the next 13 cases I removed the kidney and placed the tube direct into the ureter. When the cerebrospinal fluid pressure was high drainage took place, but eventually blockage or reflux infection occurred, as the tension on the pelvis of the kidney required to initiate peristalsis in the right direction had been replaced by a column of cerebrospinal fluid.
Ventricle to Dural Sinus I now retraced my steps inside the skull and divided the superior longitudinal sinus at its anterior end and passed the polythene tube from lateral ventricle into sinus. Cerebrospinal fluid followed up the tube and blood did not reflux into the ventricle provided the child was quiet. Unfortunately, crying or laughing causes reflux of blood and eventually a clot develops in the tube. 7 cases were operated on. 3 appeared to be arrested over a period of two years. 4 died two to three months after operation. I then placed a tube from temporal horn to sigmoid portion of transverse sinus hoping that the alternating suction force set up by respiration would prevent reflux of blood into the tube. 5 cases were operated on. 2 appeared to be arrested after a period of one year. One died two months after operation, blood-clot being present in the centre of the tube, the open ends being free.
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Section of Pcwdiatrics
Ventriculo-peritoneal Drainage The next step was to pass a rubber catheter into the ventricle and attach it to polythene tubing, which was threaded subcutaneously to the right costal margin and then turned into the peritoneal cavity between the liver and the diaphragm and sutured into position. This area was chosen as there is no omentum present to block the tube and there is movement between liver and diaphragm. Out of 16 cases, 7 appear to have been arrested. 4 died one to eight months after operation. One died from acute ascending infection three days after ,operation, but this infant had an infected myelomeningocele. Fracture of polythene tubing by kinking at the time of insertion led to the use of polyvynyl tubing.
As I was not satisfied with this form of drainage I harnessed the lower end of the tube to the ureter. 7 cases were operated on and 2 were arrested. 4 died one to three months after operation. The chief danger in this operation is excessive loss of cerebrospinal fluid.
Ventriculostomy
The final attempt to-day is back inside the skull with a view to establishing a ventriculostomy as seen in some cases of natural arrest. Mr. D. M. Forrest, my Registrar at Westminster Children's Hospital, has devised a piece of apparatus (see Fig. 1 on p. 8 1) for providing drainage from ventricle to subarachnoid space.
In the past six months 16 cases have been operated on. Cases that have been tested at the end of three months show a big drop in ventricular pressure. 2 cases that had recovered from meningitis and showed evidence of thickened pia-arachnoid at operation have not arrested.
Professor Dorothy S. Russell spoke on the pathology of hydrocephalus, with illustrations. The substance of her communication will appear in the forthcoming annual volume of the Post-inflammatory stenosis of the aqueduct was present in 7 of the 26 cases with spina bifida, 4 cases of post-haemorrhagic hydrocephalus, and 2 cases of meningo-encephalitis. Congenital stenosis was present in 1 case with spina bifida and 1 case with encephalocele. Forking was present in 5 cases, all with spina bifida; in 2 of these there was superadded inflammatory stenosis and in 1 of the other 3 the aqueduct, though forked, was not abnormally narrow. Congenital stenosis or forking was not found in any of the cases without spina bifida or encephalocele.
There was conclusive evidence that the spina bifida lesion was in each case a myelocele. In the 6 neonatal cases dying within two weeks of birth the cord tissue presented on the surface of the sac as an unclosed neural groove; this was covered over by fibrogranulation tissue in the 4 cases dying within the first two months of life; and in the remaining 16 it was in much the same superficial position, but covered over by fibrous scar tissue and squamous epithelium.
In the cases of spina bifida there was a high incidence of diastematomyelia, rib deformities, deformities of the vertebral column underlying the sac and at higher levels, and of congenital abnormalities of the urogenital tract. This was considered to be the result of inhibition of Hensen's node during early embryonic life. Attention was drawn to the similarities between spina bifida in the human and experimentally induced spina bifida in amphibia.
Three cases of duodenal ulceration, all with gross internal hxmorrhage, were encountered. In each case there was a suppurative inflammation of the meninges and ventricular lining, involving the attenuated floor of the third ventricle. This was considered to support the neurogenic hypothesis developed by Harvey Cushing. Mr. A. N. Guthkelch: 160 cases of infantile hydrocephalus have been observed in the Neurosurgical Department of the Royal Manchester Children's Hospital since 1947, of whom 90 were operated upon. In 30 cases the impression was formed and confirmed by a period of observation either that the hydrocephalus was too slight to need treatment or that it had become spontaneously arrested. A further 20 cases were rejected on account of excessive head size or grave general condition. Finally, 20 cases, all of myelomeningocele also presented with complete paraplegia. It has not been our policy to advise operation for hydrocephalus in these hopelessly crippled infants.
In the operated cases, clinical and radiological studies established the main types of hydrocephalus as follows: In diagnosis we rely on ventriculography with air or Myodil. We have found the various forms of dye test misleading.
Each of these groups demands quite different methods of treatment.
(1) Arnold-Chiari malformation.-Mr. Macnab has enlarged upon the difficulties encountered in these cases. They probably arise because the obstruction of the C.S.F. pathways may arise at any of several levels in any one case, and often at more than one. There may be (1) stricture of the iter, (2) obstruction of the foramina of exit of the elongated fourth ventricle by compression of the elongated cerebellar tonsils and medulla within the cervical spine, (3) obliteration of the basal cisterns, and possibly (4) crowding of the hiatus tentorii from below, due to disproportion between the posterior fossa and the hind-brain.
At present we practise a posterior fossa decompression with sufficient of an upper cervical laminectomy to release the cerebellar tonsils. If there is obstruction of theiter we add a ventriculo-cisternostomy by Torkildsen's method; if subsequent excessive bulging of the decompression suggests blocking of the basal cisterns, we proceed to spinoperitoneal or ventriculoperitoneal drainage.
(2) Communicating hvdrocephalus.-I agree that the majority of these cases can be related to birth trautna and to the effects of meningitis in approximately equal numbers. Seen sufficiently early (i.e. before the C.S.F. has returned to normal) some wil respond to repeated lumbar puncture. Our operative methods have been mainly spinoureteric and spinoperitoneal drainage. Both have been uniformly successful in achieving a permanent reduction in intracranial pressure with arrest of growth of the head, the fontanelle becoming and remaining concave. We find, however, that the spino-ureteric operation is followed by a substantially greater morbidity in the first few post-operative months due to chloride depletion and urinary infection: of 12 cases operated upon, 5 remained well for periods of six months to four years. In the spinoperitoneal group (13 cases) 10 remained well from three to eighteen months. These figures, together with one's natural dislike of the removal of a healthy kidney demanded by the former operation, have now led us to concentrate almost entirely on spinoperitoneal drainage.
(3) Obstructive lesions ofthe iter ofSylvius.
-After a trial of third ventriculostomy without any permanent success (4 cases) we adopted Torkildsen's operation as a routine although it is a rather severe and technically a difficult operation in an infant. Of 9 cases so treated, 5 survive and have been completely controlled. We have also had 1 success with ventriculoperitoneal drainage.
My conclusion is that given accurate diagnosis of the site of the obstruction and given also the strong tendency to spontaneous arrest which one sees particularly in the communicating group, it should be possible to achieve not less than 75 % of surgical cures with longterm survival. But it must be emphasized that only follow-up studies such as those of Dr. J. E. Scarff can determine the final intellectual status of the survivors, and I think we shall be fortunate if the percentage of "useful citizens" exceeds 50. Mr. Denis Browne: To understand the Arnold-Chiari deformity it is necessary to look at both ends of the infant, the feet as well as the head; and also to consider the mechanical conditions of the pregnancy that produced it. In the "closed shop" conventions of the modern organization of medicine the neuro-surgeon leaves the consideration of the feet to the orthopedic specialist, and both of them are uninterested in the mechanical conditions of the pregnancy, which is the province of the obstetrician. Babies with the Arnold-Chiari malformation of the brain emerge from pregnancies in which the mother has had a very small abdomen, with very little liquor, and abnormal discomfort. The feet are moulded into irregular forms of talipes, often fitting into each other as a coin does into the die that gives it shape. The brain is squeezed downwards into the foramen magnum by mechanical (not hydraulic) pressure on the skull, the necessary freedom for this movement being given by the expansible sac of the spina bifida.
Firstly, and most important, tubing in the subarachnoid space has a strong tendency to become blocked. Secondly, tubing tends to slip out of position when intraventricular pressure is released.
The first tendency may be minimized by using physiologically inert materials, by providing as large a surface as possible for the escape of fluid-, and by devising a straightforward operative technique in which minimal disturbance of tissues and complete hmmostasis are easily attainable. The second danger is overcome by using a self-retaining tube.
Accordingly, I designed a drain embodying all these features. It is made of nylon throughout. The outer end of the tubing is protected by a nylon disc 2 cm. in diameter and 3 mm. thick which lies flat on the cortex, and fluid escapes all round the deeply grooved periphery. The inner end of the tube is held in the lateral ventricle by its curled shape. This last feature is unnecessary in patients whose ventricles are comparatively small and in whom a reasonable thickness of cortex remains. For these I have made a straight-shafted tube. Both forms, with a stilette, are shown in Fig. 1 . The shape of the   FIG. 1. -Drainage of hydrocephalus. device has been planned for ease of insertion. A stiff stilette is passed through the tube to straighten it and the blunt closed end is passed through the cdrtex in the track of a brain needle. A 3 cm. incision in the dura and arachnoid permits the disc to be rotated into the subarachnoid space well away from the operative site.
Manufacture of the drain is simple. The disc is turned on the lathe from nylon rod. The tubing is shaped by passing a malleable stilette, bending as required, and subjecting it to heat before removing the stilette. About 110°C. is required for bending, so the device may be sterilized by boiling without losing its shape.
Mr. G. H. Macnab has performed the operation at the Westminster Children's Hospital twelve times in the past six months, and although 3 patients have already relapsed, the majority appear to be progressing well. Ventricular pressures and measurement of the head on the first 3 cases, taken three months after operation, show encouraging figures. All were cases of rapidly advancing hydrocephalus and all had ventricular pressures in excess of 300 mm. of C.S.F. Their pressures after three months were respectively, 50, 120, and 95 mm. In none of the 3 cases had the circumference of the head increased, and in one it was still 7 5 cm. below the pre-operative figure.
It would obviously be absurd to derive from these early results anything more than encouragement to test the method further, but I feel that some cautious optimism is justified. In Mass.] THE problem of the cerebral palsies in childhood is relatively simple. The emotional situation is usually met by authoritative and optimistic management and many people are involved in persistent training. The parents are supported by groups of therapists and tend to be comforted.
A very different situation may arise as the child grows older and as adult life is approached. It has seemed to me that doctors in cerebral palsy clinics have been reluctant to face the fact that very little reliable evidence of the fate of the adult exists.
